Background: Intraarticular corticosteroid injection is an adjunct to core treatments for relief of moderate-to-severe pain in osteoarthritis (OA) patients. This randomized controlled trial was conducted to determine the effect of dexamethasone phonophoresis (DxPh) on knee OA. Patients and Methods: Forty six female patients with knee OA were randomized into two equal groups. The study group received DxPh over the medial side of the knee, transcutaneous electrical nerve stimulation (TENS), and quadriceps strengthening exercises. Control group received ultrasound therapy and the same TENS and exercise program. Pain was assessed using the visual analog scale (VAS) and the pain subscale of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pre-and posttreatment. Functional mobility was assessed by the Timed Up and Go (TUG) test, total WOMAC, and the joint stiffness and physical function subscales of WOMAC. The minimal clinically identifiable difference was used to calculate treatment effect sizes of both modalities, which was compared to intraarticular steroid injections. Results: The VAS, TUG, and WOMAC scores improved with both modalities. Pain intensity improved by 50.6%-58.0% in the study group (VAS and pain subscale of WOMAC, respectively) compared to 17.8%-28.6% for the control group. Functional mobility showed a higher rate of improvement in the DxPh group compared to control (37.7 vs. 17.5% for TUG and 53.2 vs. 23.0 and 56.1 vs. 26.4% for the joint stiffness and physical function subscales of WOMAC, respectively). Posttreatment results revealed statistically and clinically significant improvement in pain intensity and functional mobility in the DxPh group. Conclusion: DxPh resulted in a greater improvement in pain and function in patients with knee OA than therapeutic ultrasound combined with exercise and TENS. The effect size of phonophoresis was clinically significant and higher than that reported for intraarticular steroid injection from pooled data in the literature.
Introduction
Osteoarthritis (OA) is characterized by the breakdown of articular cartilage over time. Although cartilage change is the major disease characteristic, OA affects all joint tissues, including the synovial membrane, which is usually associated with increased pain and joint dysfunction. 1, 2 Evidence-based guidelines on the conservative treatment of knee OA are riddled with inconclusive and consensus recommendations due to the inadequacy of clinical trials addressing certain aspects of the treatment modalities. 3, 4 A very recent study found that only 25% of nonsurgical trials registered on ClinicalTrials.gov were actually relevant to recommendations made within the AAOS conservative management guidelines, with the greatest number of new or ongoing trials addressing a recommendation which is already supported by strong evidence. 4 The authors of this article called for continued attention to research gaps in the current guidelines (AAOS) and praised investigators of ongoing trials designed to explore the 8 (44%) inconclusive or consensus recommendations. 4 Two of those inconclusive recommendations (nonsurgical 3B and 8) relate to the use of physical agents (including electrotherapeutic modalities) and intraarticular corticosteroids in patients with symptomatic knee OA.
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Original Article the same manner as ultrasound, except that a medication is used in the coupling agent. 5, 6 Intraarticular corticosteroid injection is considered an adjunct treatment to core treatments for the relief of moderate-to-severe pain in OA patients. 7 Corticosteroids produce antiinflammatory and immunosuppressive effects by reducing vascular permeability, inhibiting the accumulation of inflammatory cells and preventing the synthesis and secretion of several inflammatory mediators. 8, 9 A recent network meta-analysis of high-and moderate-quality studies ranked intraarticular corticosteroids as the most likely conservative treatment to reduce pain based on cumulative probability, with nonsteroidal antiinflammatory drugs (NSAIDs) having a higher probability of improving function. 10 Drug delivery through the skin avoids adverse effects that may occur with other routes such as oral or intraarticular injection. Dexamethasone phonophoresis (DxPh) was shown to improve the pain and function of patients with several musculoskeletal conditions, 11 including knee OA. 12, 13 However, previous studies concentrated only on gait parameters, 12 rather than reporting functional improvement, which might be more relevant from the patient's perspective.
The purpose of this study was to investigate the additive effect that dexamethasone has on ultrasound therapy for improving the pain and function of patients with knee OA using patient-reported outcome measures (PROMS) and objective functional tests. We also aimed to indirectly compare the effect size of each treatment to that of intraarticular corticosteroids generated from network meta-analysis reports.
Patients and Methods

Study subjects
This study was conducted as a double-blind, randomized, controlled trial (full details including ethical approval are available under the Pan African Clinical Trial Registration number PACTR201711002410392). It included patients with bilateral medial tibiofemoral OA, who were referred by the orthopedic department. All the patients were diagnosed and referred by a physician according to the following criteria: bilateral mild-to-moderate medial tibiofemoral OA based on the American College of Rheumatology criteria 14, 15 and a radiological image (Kellgren-Lawrence Grade ΙΙ-III). 16, 17 All the patients were informed about the study and consented to participate in it.
Patients were excluded from the study if they had rheumatologic conditions such as rheumatoid arthritis, severe knee OA, thrombosis of the lower limbs, physiotherapy treatment of the knee in the previous 6 months, a history of injections in the knee joint during the last 6 months, balance disorders, neuropathy or sensory disorders, skin damage around the knee, previous surgery on the knee joint, or a previous fracture of the lower extremity with knee joint involvement. Patients were also excluded if they had any contraindications or precautions for the use of corticosteroids (e.g., high blood pressure, osteoporosis, or diabetes) or ultrasound (e.g., infection, heart problems, pacemaker, metal implants, open epiphysis, pregnancy, thrombophlebitis, or impaired sensation).
Significant age-related differences in performance were found in tests of coordinated stability, near tandem balance, six-meter walk, alternate step, five repetitions sit to stand, and stair negotiation, with older women performing worse than older men in all tests. 18 Forty six female patients with bilateral knee OA whose ages ranged from 40 to 65 years and body mass indexes ranged from 25 to 35 kg/m² met the eligibility criteria and were randomized into two treatment groups using computer-generated numbers in sealed envelopes. The patients were blinded to the group allocation. Group A received DxPh and conventional physical therapy treatment 12, 19 in the form of transcutaneous electrical nerve stimulation (TENS) current and exercise (study group). Group B received ultrasound therapy and the same conventional physical therapy treatment (control group).
Evaluation procedure
The primary outcome measure was knee pain measured by the visual analog scale (VAS) and Western Ontario and McMaster Universities OA Index (WOMAC) pain subscale. The secondary outcome was functional mobility measured using the stiffness and physical function subscales of the WOMAC, total WOMAC, and TUG. Each patient was assessed 1 day before starting the first session and after the last session according to the same criteria by an assessor who was blinded to the patient's allocation. Initially, all patients were questioned about their personal data, including age, weight, height, onset and duration of knee pain, and any history of chronic diseases. The measured outcomes included the VAS within the last 24 h, WOMAC, and Timed Up and Go (TUG) test scores. The VAS (0-100 mm) ranges from "no pain" to "extreme pain." 20 The WOMAC questionnaire consists of three subscales that are scored as follows: pain = 0-20, stiffness = 0-8, and physical function = 0-68. The total WOMAC score consists of the sum of the items for all three subscales. Higher WOMAC scores indicate worse pain, stiffness, and functional limitations. 21 The TUG test measures the time, in seconds, required for an individual to stand up from a standard arm chair, walk a distance of 3 meters, turn, walk back to the chair, and sit down again. The patient walks at a safe pace with proper footwear and uses an assistive aid if needed. 22
Treatment procedure
Treatment was conducted from August 2017 to November 2017 in the physical therapy outpatient clinic. The total duration of treatment was 4 weeks, and the treatments were conducted on alternate days with a frequency of 3 sessions/ week. The treatment targeted the most affected and painful knee. For patients with equal pain in both knees, the dominant knee was treated. 23 Both groups received the same exercise program during every session for strengthening the quadriceps muscle. The dose was three sets of ten repetitions, with the starting weight being matched to the ten-repetition maximum weight of each participant. The following quadriceps exercises were used: (1) quads over a roller (inner range knee extension) using ankle weights for resistance; (2) knee extension in sitting (sitting with the knee at 90° flexion and performing full extension using ankle weights for resistance); (3) straight leg raise (starting in the supine position and raising the leg to 30° hip flexion using ankle weights for resistance); and (4) outer range knee extension (sitting with the knee at 90° flexion and extending to 60° against the resistance of an elastic band). 24, 25 Patients were not instructed to use any special footwear or insole during treatment to reduce variables and interactions as much as possible.
TENS was applied to both groups at a frequency of 80 Hz for 20 min (using the Endomed 182 ENRAF NONIUS, Netherlands) through four adhesive electrodes placed over the medial side of the knee region with pulse width constant among all patients and an intensity in the tactile sensation threshold. 26 Ultrasound was applied to the medial tibiofemoral joint in a continuous mode at a frequency of 1 MHz and an intensity of 1 W/cm² for a treatment duration of 10 min (Pulson 100 Gymna Uniphy, Belgium) using ultrasound gel for the control group and 0.4% dexamethasone gel (locally prepared at the Faculty of Pharmacy, Cairo University) for the phonophoresis.
Dexamethasone gel (0.4%) was locally prepared using a colloid mill by incorporating the active dexamethasone (purchased from "Zhejiang Xianju Xianle Pharmaceutical Co., China") into the gel matrix. The prepared gel was tested for its rheological properties and drug content to ensure proper consistency and active drug concentration. The active gel was then used as a coupling medium for phonophoresis study group. 23, [27] [28] [29] [30] The participants were positioned in a supine position with a roller under the affected knee to maintain flexion at 90°, and the ultrasound device was held over the tibiofemoral joint medial to the patellar tendon to enhance energy penetration into the joint space. The optimum position for the transducer was near the joint line. 31, 32 
Statistical analysis
Sample size estimation was performed a priori for the pain scores (primary outcome measure) using G power 3.1 software (Department of Psychology, Dusseldorf University, Germany). A change of 18-mm in VAS score was considered as the minimum clinically important difference in pain, based on previously published literature. 33 When setting the alpha level to 0.05 and the test power to 90%, a minimum of 42 participants was required for the whole study. Forty six participants were recruited to allow for loss to followup.
The statistical analysis was conducted using SPSS for Windows, version 22 (SPSS, Inc., Chicago, IL, USA). Before the final analysis, the data were screened for normality assumptions, homogeneity of variance, and presence of extreme scores. This exploration was performed as a prerequisite for parametric calculations of the analysis of variance. Box and whisker plots of each of the tested variables were constructed to detect any outliers. A descriptive analysis using histograms with a normal distribution curve showed that the data were normally distributed and did not violate the parametric assumption for each of the measured dependent variables.
All of the above-mentioned tests confirmed normality and homogeneity, which allowed the researchers to conduct a parametric analysis. Accordingly, a 2 × 2 mixeddesign multivariate analysis of variance (MANOVA) was used to compare the tested variables of interest for the two groups and at various measurement times with an initial alpha level set at 0.05. The current study involved two independent variables. The first was the treatment (between-subject factor), which had two levels (Group A, which received DxPh, and Group B, which received ultrasound therapy). The second variable was the measurement time (within-subject factor), which had two levels (pre-and posttreatment). In addition, the study involved five tested dependent variables (VAS, TUG test, WOMAC pain, stiffness, and physical function subscale scores). A paired t-test was used to compare the total WOMAC score before and after treatment for each group. Unpaired t-tests were conducted to compare results between the two groups using an alpha level of 0.05.
In order to allow indirect comparison with other nonsurgical treatment modalities, the WOMAC function score was converted to a 0-100 scale and the effect size of each treatment was calculated by dividing the uniform pain (0-100 VAS) and function (converted WOMAC function scale) scores by minimal clinically important difference (MCID) units. The latter was quoted in a recent network meta-analysis of nonsurgical treatment of knee OA to be a reduction of 19.1 units on a 100-mm VAS scale and a reduction of 8.0 units on a 100-mm WOMAC function scale. An effect size >0.5 indicates a statistically significant difference between treatments with potential clinical significance for an appreciable number of patients and an effect size >1 indicates a clinically significant difference between treatments. 10
Results
The flow diagram of the participants throughout the trial is shown in Figure 1 . A total of 84 patients were assessed. Twenty six patients who did not meet the inclusion criteria and 12 who declined to participate were excluded. One patient in each group was lost to followup [reasons indicated in Figure 1 ]. The study population consisted of 44 female patients suffering from knee OA who were assigned randomly to two equal groups. As indicated by the independent t-test, no significant differences (P > 0.05) were observed in the mean values for age, body mass, or height between the two tested groups [ Table 1 ].
The statistical analysis using the 2 × 2 mixed-design MANOVA indicated significant effects of the treatment (the first independent variable) on all tested dependent variables (the VAS, TUG, and WOMAC subscales) for the two groups. Similarly, significant effects were observed for the measurement times (the second independent variable) on the tested dependent variables. In addition, the interaction between the two independent variables was significant [ Table 2 ], which indicated that the effect of the treatment (first independent variable) on the dependent variables was influenced by the measurement time (second independent variable).
The within-groups comparison revealed a significant posttreatment reduction in the VAS and pain subscale of the WOMAC compared to the pretreatment scores for both groups [ Table 3 ]. The study group had a 50.56%-58.05% improvement in pain intensity (VAS and pain subscale of WOMAC, respectively) compared to 17.8%-28.64% for the control group differences were observed for the posttreatment mean values for all outcome measures between the two groups, favoring group A. Comparison of the mean pretreatment values showed no significant differences between the two groups.
A significant reduction in the total WOMAC score was observed after treatment compared to the pretreatment value for both groups (paired t-test). An unpaired t-test revealed that the mean values for each parameter were not significantly different between the two groups before treatment. However, significant differences were found in the mean values after treatment between the two groups, which favored group A. The rate of improvement of the total WOMAC after treatment was 56.43% for group A compared to 25.29% for Group B (MD: −17.09; CI: −24.68-−9.5).
Both treatment groups demonstrated a clinically significant improvement in function [ Table 4 ]. Whereas the phonophoresis group reached a clinically significant effect size (−2.14), the ultrasound group demonstrated only a potential to be clinically significant in reducing pain (effect size −0.68). Direct comparison of both the groups showed a clinically significant pain reduction and improvement in function in favor of steroid phonophoresis (effect size −1.02 and −2.52, respectively).
Discussion
This study was conducted to report the effect of dexamethasone combined with therapeutic ultrasound using PROMs and objective functional tests. Our results showed that DxPh had a positive influence on pain and function in patients with mild-to-moderate knee OA. Both the groups improved in terms of pain (VAS and the pain subscale of the WOMAC) and function (TUG test, stiffness and physical function subscales of the WOMAC, and the total WOMAC) following the treatment. However, the improvement was significantly greater in the phonophoresis group. The study was limited to female patients to avoid gender-related differences in the performance of functional assessment. 18 The results of the present study are consistent with those of Elshazly et al., 12 who reported a significant improvement with DxPh in patients with knee OA compared to therapeutic ultrasound alone. However, these authors studied only the pain and gait parameters and did not study the patients' perceptions of their own conditions as measured by PROMs. In contrast to their study, we recruited female patients with knee OA, given the higher prevalence of knee OA in women than men. 34 However, Akinbo et al. 13 did not demonstrate an increased therapeutic efficacy of DxPh compared to iontophoresis using the same drug in the treatment of knee OA. In that study, ultrasound phonophoresis was applied to the targeted knee for a shorter duration (5 min) compared to that in our study (10 min). The discrepancy in findings is not surprising, given the positive interaction between the treatment period and outcome measures observed in the present study. We were able to demonstrate significant efficacy of DxPh using a longer treatment duration (10 min), which is consistent with the results reported by Elshazly et al. 12 Several studies showed a significant additive effect of corticosteroids and ultrasound therapy for the treatment of different musculoskeletal disorders, such as carpal tunnel syndrome 11 and chronic hemophilic synovitis of the knee. 35 However, other studies failed to show any significant effect of corticosteroid phonophoresis compared to ultrasound 27 or exercise and cryotherapy 36 for the treatment of soft tissue disorders (epicondylitis, tendinitis, and tenosynovitis).
The drug selection for phonophoresis seems to be as important as the ultrasound parameters for the success of the treatment [ Table 5 ]. A greater accumulation of dexamethasone in the serum was demonstrated with the use of ultrasound facilitation compared to sham ultrasound applied over an occlusive dressing. 37 However, hydrocortisone acetate absorption did not seem to be affected by ultrasound waves. 38 This might explain the faster effect of clobetasol than hydrocortisone on OA knee joint pain that was reported by Sedghimehr and Bahrpeima. 39 Similarly, the lack of efficacy in the study by Klaiman et al. 27 might, at least in part, be attributed to drug selection (fluocinonide).
A recent network meta-analysis of high-and moderatequality studies ranked intraarticular corticosteroids as the most likely conservative treatment to reduce pain based on cumulative probability, with NSAIDs having a higher probability of improving function. When divided by the MCID, the effect size of intraarticular steroid demonstrated the "potential to be clinically significant" at decreasing pain (effect size ≥0.5). The only clinically significant treatment (effect size ≥1) for increasing function in this meta-analysis, however, was naproxen, with other NSAIDs demonstrating only a potential to be clinically significant. 10 Using similar calculations, the effect size of phonophoresis compared to ultrasound in the present study was clinically significant and higher than either intraarticular corticosteroids in reducing pain (−1.02 vs. −0.55) or naproxen (−2.52 vs. −1.18) for improving function. The above authors depended on the function subscale of the WOMAC to measure improvement in function and did not include any physical or electrotherapeutic modalities. The present study, however, used an extended battery of tools to quantify functional improvement (TUG, stiffness, and function subscales of the WOMAC). Although we did not directly compare steroid phonophoresis to intraarticular corticosteroids, it would still be fair to say that phonophoresis might be even more effective based on an indirect comparison of effect sizes and would, therefore, be a valid (and more convenient) alternative to intraarticular steroid injections.
This study was limited to comparing the short term effects of DxPh with ultrasound therapy. However, the followup period of the study is consistent with the inclusion criteria of a recent network meta-analysis of best available evidence for nonsurgical treatment of knee OA. 10 It might be recommended for future studies to investigate the long term effects of such treatment as well. Nevertheless, it provides a valuable building block in the body of evidence meant to fill research gaps in the recommendations of conservative management guidelines currently supported by inconclusive evidence. 3, 4 
Conclusion
Our results showed that both DxPh and ultrasound therapy combined with conventional physical therapy in the form of TENS and therapeutic exercises had a beneficial effect on pain and functional mobility in patients with knee OA; however, significantly greater improvement was observed with DxPh. editing. This service was provided free of charge through the Egyptian Knowledge Bank, as part of their initiative to assist Egyptian researcher gain international recognition.
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